Introduction
============

Peyronie's disease (PD) is caused by progressive fibrosis of the tunica albuginea of the corpora cavernosa resulting in curvature or other deformities of the erect penis. The severity of penile curvature or other deformities may contribute to a man's inability to have intercourse (sexual disability). This sexual disability can be due to difficulty with penetration, partner pain, or emotional stress. This review evaluates the epidemiology, natural history, and nonsurgical and surgical treatments of PD.

Anatomy and pathophysiology of PD
=================================

The tunica albuginea of the penile corpus cavernosum is composed of interwoven elastic and collagen fibers. This tissue is bilaminar with an inner circular and outer longitudinal layer. During a normal penile erection, stimulation causes release of nitric oxide that increases penile blood flow and relaxes cavernosal smooth muscle. This increase in cavernosal hydrostatic pressure eventually leads to compression and occlusion of the small venules that perforate the tunica albuginea. Scanning electron microscope evaluation of PD plaques shows a loss of normal collagen architecture within the tunica, with excessive collagen I and III deposition and disordered fibrin and elastic fibers. The deposition of scar tissue within the tunica albuginea diminishes its elasticity, subsequently limiting normal stretch and causing penile curvature.[@b1-rru-8-061]

The etiology of PD is not completely understood but is thought to be due to trauma or microtrauma to the tunica albuginea combined with a disorder of wound healing. Trauma, primarily during intercourse, may result in subtle delamination of the tunica, bleeding, and clot formation. Degradation of fibrin within the clot may foster improper signaling by growth factors, such as transforming growth factor (TGF)-β1, fibrin, and plasminogen activator inhibitor-1. This improper signaling causes scarring of the inner lamina leading to plaque formation and subsequent curvature.[@b2-rru-8-061]

TGF-β1 is a profibrotic factor activating collagen I synthesis and is released by neutrophils and macrophages during the acute and proliferative phases of wound healing. Peyronie's plaques have been shown to have overexpression of TGF-β1 without subsequent increase in TGF-β2 or TGF-β3 suggesting TGF-β1 role in PD.[@b3-rru-8-061]

Epidemiology
============

Contemporary scientific literature suggests markedly variable rates of PD based on country of origin. The prevalence of PD is reported to be between 0.4% and 3.2% of men in the United States.[@b4-rru-8-061]--[@b6-rru-8-061] In a Japanese study in 2012, there is a low rate, 0.6% of men reporting PD.[@b7-rru-8-061] A larger rate of PD (7.1%) was found in a survey study of Italian men.[@b8-rru-8-061] In a large questionnaire-based study from Germany, 2.7% of the 4,432 respondents had a palpable plaque and curvature. The prevalence of PD increased with age in an additional study, with only 1.5% of men 30--39 years old reporting PD versus 6.5% of men \>70 years.[@b4-rru-8-061] Most likely, these rates are underestimates due to patient's failure to seek evaluation and treatment due to embarrassment from their condition. In a cohort of 534 men screened for PD at the time of prostate cancer evaluation, Mulhall et al found that 6% of the patients reported penile curvature and 8.9% had a penile plaque on physical examination. Further, the occurrence of Peyronie's plaque was more common in men with diabetes mellitus, hypertension, lower sexual health index in men scores, and increasing age.[@b9-rru-8-061]

Multiple studies have evaluated risk factors associated with PD, such as age,[@b10-rru-8-061] diabetes,[@b4-rru-8-061],[@b9-rru-8-061],[@b11-rru-8-061],[@b12-rru-8-061] smoking,[@b8-rru-8-061],[@b11-rru-8-061] Caucasian descent,[@b13-rru-8-061] and genetic predisposition.[@b11-rru-8-061],[@b14-rru-8-061],[@b15-rru-8-061] Increasing age and trauma have been shown to be risk factors for PD in multiple studies.[@b10-rru-8-061] Diabetes is associated with both PD and more severe curvature.[@b12-rru-8-061] There is also evidence of a genetic predisposition leading to the formation of Peyronie's plaque as up to 20% of patients with PD have Dupuytren's contracture of the tendons in their hand and up to 9% of men with PD will have a family member with Dupuytren's contraction.[@b14-rru-8-061] Other multiple clinical characteristics, including hypertension, hyperlipidemia, coronary artery disease, alcohol use, sexually transmitted disease, and urologic surgery history, have been evaluated and have no consistent association with PD.[@b8-rru-8-061],[@b11-rru-8-061]

Psychological effects of PD
===========================

PD has been associated with negative psychological effects on patients. Nelson et al[@b16-rru-8-061] evaluated 92 men with PD for clinical depression and found that 48% of men with PD experienced clinical depression independent of disease duration. Smith et al reported similar results. They found that the prevalence of emotional and relationship problems attributable to PD were 81% and 54%, respectively. Multivariable analysis revealed that emotional difficulties and ability to have intercourse were independently associated with relationship problems after adjusting for the ability to maintain an erection.[@b17-rru-8-061] In recent years, a 15-question PD-specific questionnaire has been validated for use in the assessment of patients. This has been used in studies and will in the future allow for further objective PD research.[@b18-rru-8-061]

Natural history and associations with erectile dysfunction
==========================================================

Mulhall et al evaluated the natural history of PD without treatment. In this study, 246 men who presented within 6 months of disease onset were followed for at least 12 months from disease onset (mean duration of PD: 18 months ± 7 months). At baseline, 72% reported dorsal curvature, 17% ventral, and 11% lateral. Mean curvature in this population was 42°±22°. All patients initially presenting with penile pain had improvement, with nine of ten patients reporting complete resolution. One-third of the patients complained of erectile dysfunction at baseline. Eight-four percent reported a subjective loss of stretched penile length at follow-up. Comparing the patients later, from their initial presentation, 12% had improvement of their curvature, 40% remained stable, and 48% reported worsening of their curvature.[@b19-rru-8-061]

Erectile dysfunction is present in 20%--50% of men with PD and occurs from a variety of reasons including deformity preventing coitus, flail penis (cavernous fibrosis or vascular compromise), performance anxiety (psychological), or impaired erections caused by veno-occlusive dysfunction.[@b19-rru-8-061] Veno-occlusive dysfunction is due to the impaired ability of the tunica to expand and accommodate increased blood inflow as a result of the scarring. This results in the failure of occlusion of the subtunical venules combined with impaired cavernosal arterial inflow.[@b20-rru-8-061] The quality of life of the patients and partners is significantly impacted as men with PD are at increased risk of depression, lowered self-esteem, and relationship difficulties, in addition to body image issues and pain. Psychological manifestations have been underelucidated traditionally by urologists and primary care practitioners and represent a significant aspect of the burden of PD.[@b19-rru-8-061]

The treatment of PD
===================

The treatment options for PD are highly varied, ranging from oral therapies to traction, injections, and surgeries. Few treatments have had their efficacy confirmed by randomized controlled trials. The goals of treatment are improvement in penile deformity, improvement in sexual function, and improvement in quality of life. Further, the treatment of PD should attempt to address the physical and psychological ramifications of the disease.

Medical therapy
===============

[Table 1](#t1-rru-8-061){ref-type="table"} summarizes the oral therapies that have been described to treat PD.

Pentoxifylline
--------------

Pentoxifylline's mechanism of action in the treatment of PD is unknown, but it is believed to block collagen type I deposition and TGF-β1, which in animal models has been linked to be a causative agent of PD.[@b21-rru-8-061] It additionally does appear to have some effect as a nonspecific phosphodiesterase inhibitor increasing penile blood flow. The efficacy of pentoxifylline has been evaluated in two double-blinded, placebo-controlled studies. These studies evaluated 228 patients, whereby pentoxifylline 400 mg was given twice daily and compared with placebo. These patients were followed for 6 months via examination, ultrasonography, and by validated questionnaires regarding erectile function and treatment satisfaction. There was a mean reduction in curvature (−22° in dorsal curvature) compared to an increase in curvature in the placebo group. In addition, improvement was noted in lateral and ventral curvature. In addition to penile curvature, plaque size, erectile function, and blood flow as measured by peak systolic velocity improved in those taking pentoxifylline compared to placebo.[@b22-rru-8-061],[@b23-rru-8-061] The 2010 study was recently retracted from the *British Journal* of Urology International due to statistical concerns that do call into question some of the evidence for this medication. In a third, nonrandomized study, pentoxifylline was compared to oral vitamin E treatment. In this study, there was a statistically significant improvement in ultrasound characteristics of the plaque in those using the pentoxifylline compared to vitamin E, 99% versus 44% improvement, respectively.[@b24-rru-8-061] Pentoxifylline is approved by the Food and Drug Administration for the treatment of claudication of the lower extremities; therefore, patients should be informed that its use in PD is "off label." The most common side effects are nausea, vomiting, or gastroesophageal reflux symptoms. Taking the medication with meals can alleviate many of these symptoms. This medication was not evaluated or commented on in the recent 2015 American Urological Association (AUA) guidelines regarding PD.[@b25-rru-8-061]

Vitamin E
---------

Vitamin E is a potent antioxidant that is thought to reduce collagen deposition in scar formation. While it is widely used, there is little evidence of superiority when compared to placebo.[@b26-rru-8-061] There are a total of seven studies on the effects of vitamin E. In a randomized, double-blind trial involving 236 men, vitamin E did not significantly improve curvature or plaque size. Vitamin E alone or in combination with carnitine showed no significant improvement in any outcome measures.[@b26-rru-8-061] Another observational study by Inal in 2006[@b27-rru-8-061] found that patients using vitamin E had worsening of their curvature and plaque. In contrast to the results of the prior studies, vitamin E did show improvement when combined with colchicine. A trial of 45 men treated with a combination of vitamin E and colchicine or ibuprofen found no improvement in pain related to their Peyronie's plaque.[@b28-rru-8-061] Given these unclear results, the AUA panel did not recommend vitamin E use for the treatment of PD.[@b25-rru-8-061]

Potaba
------

Potassium para-aminobenzoate (Potaba) is an antifibrotic agent that is thought to increase tissue levels of monoamine oxidase, decreasing the level of serotonin that contributes to scar formation in PD. In a 1-year placebo-controlled trial, involving 103 men with known PD, select patients were given 3 g of Potaba four times a day. Seventy-four percent of those in the treatment group (compared to 50% in the placebo group) responded with a reduction in the plaque size or a decreased penile curvature of up to 30%.[@b4-rru-8-061],[@b29-rru-8-061] Potaba is an expensive medication, with a large and frequent dosing regimen, leading to significant patient expense. Potaba was not commented on or assessed in the recent AUA 2015 guidelines.[@b25-rru-8-061]

Colchicine
----------

Colchicine inhibits collagen synthesis and fibrosis. Observational studies conducted by placing patients on colchicine showed improvement in penile pain and curvature.[@b30-rru-8-061],[@b31-rru-8-061] A randomized, placebo-controlled trial, with 78 patients, did not demonstrate difference in plaque size or curvature for those using colchicine. Colchicine was found as effective in men with mild curvature when used with vitamin E, in a study of 45 men as mentioned previously.[@b28-rru-8-061] Colchicine, like Potaba and pentoxifylline, has been linked to gastrointestinal side effects; additionally, it has also been shown to suppress bone marrow function.[@b30-rru-8-061],[@b31-rru-8-061] Given its risk for bone marrow suppression and little supporting evidence of its beneficial effect, colchicine was not recommended as a monotherapy in the AUA guidelines.[@b25-rru-8-061]

Tamoxifen
---------

Tamoxifen is a well-known agent approved by the US Federal Drug Administration (FDA) as an estrogen receptor blocker for the treatment of hormone receptor-positive breast cancer. Three studies have been published regarding tamoxifen's effects on PD. In a 25-patient randomized, double-blind trial of tamoxifen compared to placebo in 1999, there was no statistically significant difference with regard to correction of the curvature when comparing the two groups, with each group showing mild improvement.[@b31-rru-8-061] The AUA 2015 guidelines on PD do not recommend the use of tamoxifen for the treatment of PD.[@b25-rru-8-061]

Carnitine
---------

Carnitine acts an acetyl coenzyme-A inhibitor inhibiting free radicals. Trials have shown variable results with the use of carnitine in the treatment of PD. Trials comparing carnitine to tamoxifen showed greater improvement of curvature in the carnitine group (16° vs 8°, respectively).[@b33-rru-8-061] In another previously mentioned trial, carnitine alone or in combination with vitamin E did not show a significant improvement in curvature or plaque size.[@b26-rru-8-061] An additional trial of 60 patients was treated with intralesional verapamil and given oral tamoxifen or carnitine. In those treated with oral carnitine in addition to intralesional therapy, there was a statistically significant improvement in penile curvature, 12° compared to 2°, and plaque size reduction, ∼8 mm compared to ∼1 mm.[@b34-rru-8-061] The AUA 2015 guidelines do not recommend the use of carnitine in the treatment of PD as there was no clear evidence linking improvements to carnitine monotherapy.[@b25-rru-8-061]

Coenzyme Q10
------------

Coenzyme Q10, a vitamin-like quinone, is a powerful antioxidant. It is presumed to help generate further antioxidants inhibiting inflammation and scarring. In a randomized, placebo-controlled trial, with 186 patients, those using Q10 were shown to have statistically significant improvement in curvature, plaque size, and International Index of Erectile Function score.[@b35-rru-8-061]

Procarbazine and omega-3 fatty acids
------------------------------------

Procarbazine and omega-3 fatty acids have each been studied in small trials, neither have been linked to improvement in curvature when compared to placebo and therefore are not recommended for the treatment of PD.[@b25-rru-8-061]

Injection therapy
=================

Interferon alpha 2b
-------------------

Interferon (IFN) intralesional injection was first examined in 1991. [Table 2](#t2-rru-8-061){ref-type="table"} summarizes the injection therapies that have been described to treat PD. IFN targets fibroblast proliferation involved in plaque formation.[@b36-rru-8-061],[@b37-rru-8-061] IFN injections are typically performed, biweekly over a 6-week period.[@b37-rru-8-061] IFN has been evaluated in one large randomized controlled trial and eight observational studies. Significant improvements in curvature (average 13.5°) were seen in patients treated with IFN injections compared with saline in the randomized controlled trial involving 117 patients.[@b37-rru-8-061] In a second follow-up study with 127 patients, undergoing either one cycle or two cycles (12 injections per cycle), 54% of the patients experienced 20% or greater improvement in curvature with a total average improvement of 9°. Although not statistically significant, there was a trend for those with greater curvature to have more improvement overall.[@b38-rru-8-061] IFN at higher doses than those studied has been linked with some severe side effects including a flu-like illness, anorexia, rash, hypotension, and possible cardiac arrhythmias.[@b36-rru-8-061] The AUA recommended using this medication in appropriate settings.[@b25-rru-8-061]

Calcium channel blockers
------------------------

Intralesional verapamil and other calcium channel blockers were initially introduced in 1994. Verapamil has been shown in in vitro studies to decrease platelet-derived growth factor-beta-dependent collagen deposition.[@b9-rru-8-061],[@b39-rru-8-061],[@b40-rru-8-061]--[@b42-rru-8-061] Additional studies have shown a decrease in early-phase fibroblast proliferation associated with the development of Peyronie's plaque.[@b9-rru-8-061],[@b40-rru-8-061] Verapamil is typically delivered into the lesion twice weekly for 12 weeks.[@b42-rru-8-061]

Verapamil has been evaluated in nine prospective trials, eight observational studies, and two randomized controlled trials. These trials have not been uniform with variation in dosing of the medication or other oral agents used as adjuvant therapy. Nonetheless, the majority of these trials have shown improvement in plaque size and curvature as well as symptoms (pain). In four prospective studies, one of which was a randomized, placebo-controlled trial, there was a benefit in curvature, plaque size, and penile pain.[@b34-rru-8-061],[@b43-rru-8-061] The AUA recommended the use of this medication in appropriate settings to treat PD.

Intralesional collagenase
-------------------------

Intralesional collagenase injections have been discussed since the 1980s for the treatment of PD. Collagenase *Clostridium histolyticum* (CCH), a current collagenase, is typically given during two injection appointments and one modeling appointment in the span of 1 week. CCH mechanism of action is by the cleavage of the triple helix of the collagen fibrils, primarily collagen types I and III, the primary collagen within a Peyronie's lesion. The active metabolic agents in CCH are AUX I and II. The collagenase is used from *Clostridium* rather than a mammalian source as this cleavage occurs at multiple sites along the collagen chain rather than just at one site.[@b44-rru-8-061]

A total of four randomized trials have been conducted, one in 1993 and three in 2012. In 2013, the US FDA approved the use of CCH after two, Phase III randomized controlled trials, IMPRESS I and II, showed the safety and efficacy of this medication in the treatment of PD.[@b44-rru-8-061] To date, this is the first and only medication US FDA approved for the treatment of a Peyronie's lesion. A subsequent open-labeled follow-up trial by Levine et al[@b45-rru-8-061] showed an average improvement of penile curvature of ∼20° (34%) in \>600 patients; this result mirrored the findings in the initial IMPRESS studies.[@b44-rru-8-061] In addition to a statistical significant improvement in the degree of curvature, each study has shown improvement in PD bother score.

It is important to acknowledge that there were adverse treatment-related events in nearly 85% of the subjects participating in the study, the vast majority of these episodes being related to local bruising, hematoma, or pain at the injection site. In the follow-up study of Levine et al[@b45-rru-8-061] of 347 patients, only three significant patient-related events occurred with one corporal rupture and two penile hematomas.[@b44-rru-8-061] Based on the findings of the IMPRESS studies, the AUA guidelines recommended the use of this medication in appropriate settings for the treatment of PD.

Traction therapy
----------------

The use of traction therapy for the treatment of PD is well established and is thought to work via mechanical stretching and subsequent plaque remodeling. The treatment can be cumbersome as the device must be worn daily and for prolonged periods of time. The first study involved ten patients wearing the device for a minimum of 2 hours daily. In this small observational study, all patients were found to have a reduction in penile curvature with an average decrease of 33% as well as an increase in penile length.[@b46-rru-8-061] This therapy has been used as a neoadjuvant and adjuvant treatment along with other therapies for PD, including intralesional injection and oral medical therapy. A recent study evaluated the use of traction therapy for 3 hours on patients undergoing intralesional IFN injections; the use of traction therapy for 3 or more hours daily showed a significant improvement in stretched penile length compared to those not using traction therapy (+4.4 mm vs +1.3 mm, *P*=0.04) (Yafi et al, 2015).[@b47-rru-8-061] The 2015 guidelines did not comment on traction therapy.

Vacuum therapy
--------------

Similar to traction therapy, vacuum erection devices have been investigated as a treatment for PD, especially due to their advantage of providing radial stretch. A small case series of 31 patients was studied in 2010.[@b48-rru-8-061] These patients were instructed to perform two 10-minute sessions daily, using a vacuum pump device for 12 weeks. Of the 31 patients studied, 90% reported a decrease, or stable curvature, with additional improvements in penile pain and reported an increase in length.[@b48-rru-8-061] The guideline panel did not comment on vacuum erection device treatment.

Iontophoresis
-------------

Iontophoresis has also been known as electromotive drug administration. It is a noninvasive method of drug delivery. In this therapy, a small electric charge is used to deliver a medication transdermally. Prior studies have suggested that transdermal treatments do not show adequate penetration of transdermally applied verapamil.[@b42-rru-8-061],[@b49-rru-8-061] In a 42-patient, randomized, placebo-controlled trial in 2003, patients underwent semi-weekly treatment of either verapamil (10 mg) in saline or just saline delivered by iontophoresis for 20 minutes for a period of 3 months.[@b49-rru-8-061] In this 2003 study conducted by Greenfield, there was a mean improvement of 9° in 65% of the patients receiving verapamil; however, this was not statistically significant as 58% of the placebo control group had a mean improvement of ∼7.5°.[@b49-rru-8-061] Because of this equivocal result, the AUA guideline panel in 2015 did not recommend this treatment.

Extracorporeal shock wave lithotripsy
-------------------------------------

Extracorporeal shock wave lithotripsy (ESWL) was first described in the treatment of PD in 1996. ESWL therapy delivers directed shocks to the plaque, causing plaque damage, absorption, and increased vascular in growth to the tissue.[@b42-rru-8-061],[@b50-rru-8-061] A meta-analysis of 17 studies showed improvement in patient-measured, sexual and erectile function as well as pain.[@b50-rru-8-061] However, this meta-analysis did not show improvement in plaque size or curvature. A randomized controlled trial was conducted in 2009 with 100 participants. These patients were randomized to 4 weeks of ESWL therapy or a nonfunctional transducer acting as a placebo.[@b51-rru-8-061] As seen in the earlier meta-analysis study, there was improvement in pain, erectile function, and other subjective measures; however, there was no statistically significant improvement in plaque size or curvature.[@b50-rru-8-061] A consensus statement by the International Consultation on Sexual Medicine in 2010 and the AUA guideline in 2015 support the role of ESWL therapy for the treatment of Peyronie's related pain; however, there has been no support for the use of this therapy in the treatment of curvature or plaque size.[@b25-rru-8-061],[@b42-rru-8-061],[@b52-rru-8-061]

Surgical therapy
================

The use of surgery to straighten the penis is well established. Depending on the severity of a patient's disease and presentation, different surgical approaches are more or less likely to be successful.[@b53-rru-8-061] Prior to selecting an appropriate surgical approach, the characteristics of a patient's erection should be thoroughly assessed. This should include a patient's stretched penile length, erectile function/rigidity, degree of curvature, the presence or absence of hinging, and the presence of an hourglass narrowing.[@b53-rru-8-061],[@b54-rru-8-061] This assessment can be done in clinic through physical examination and duplex ultrasonography after inducing an erection.[@b54-rru-8-061]

Whether a patient has sufficiently rigid erections for penetrative intercourse is a critical factor in selecting a surgical technique.[@b53-rru-8-061] If there is moderate-to-severe erectile dysfunction associated with the patient's PD, the patient may benefit more from surgery that corrects both erectile dysfunction and PD, like the placement of a penile prosthesis. Universally, nonprosthetic surgical options for PD will not improve erectile function and may lead to worsening function in some cases. Further, before consideration of surgery, the patient should have stable, nonpainful disease for at least 6 months, with the onset of disease at least 1 year prior.[@b52-rru-8-061]--[@b54-rru-8-061]

Tunical "corporoplasty" procedures
----------------------------------

Penile plication has been described in a variety of surgical techniques. Plication may be performed in an excisional manner on the noncontracted side as initially described by Nesbit.[@b55-rru-8-061] Additional excision procedures have been described such as the Yachia procedure, where a vertical incision is closed in a horizontal (Heineke--Mikulicz) fashion.[@b56-rru-8-061] The benefit of these procedures is the placement of absorbable sutures in the closure of the corporal body.

In addition to an excisional shortening of the healthy, unaffected corporal, a second popular technique is shortening of the corporal body in a "folding" manner, commonly called a 16-dot plication. This shortening of the tunica in a Lembert-type manner relies upon permanent sutures.[@b57-rru-8-061],[@b58-rru-8-061] Plication through excision or Lambert means seeks to shorten the healthy corporal body and may lead to perceived penile shortening. The degree of shortening is related to the degree of curvature.[@b59-rru-8-061] This procedure should be performed with an artificial erection obtained either by the aid of intracorporal injection or by the normal saline instillation.

Straightening occurs in almost 100% of cases; however, recurrence of curvature can be seen in up to 30% of cases.[@b57-rru-8-061],[@b58-rru-8-061],[@b60-rru-8-061] New onset erectile dysfunction after surgery occurs in up to 20% of cases, with a risk of decreased penile sensation in up to 20% of cases as well (although this is generally transient).[@b52-rru-8-061],[@b59-rru-8-061],[@b60-rru-8-061] Additional complications from surgery include possible urethra injury in the placement of ventral sutures for dorsal curvature (∼1%), hematoma formation, and infection.[@b61-rru-8-061]

Plaque excision/incision with grafting
--------------------------------------

Plaque excision is generally considered when penile curvature is \>60° or there is severe narrowing (causing a hinging). Additional consideration may be given when a plaque is large, calcified, and limits other options.[@b62-rru-8-061] This surgical procedure has a high rate of subsequent erectile dysfunction, and therefore, the patient must be extensively counseled regarding the risks and benefits of this procedure.[@b62-rru-8-061],[@b63-rru-8-061]

Specific techniques include plaque incision and partial excision. Complete excision is generally avoided as this produces even higher rates of erectile dysfunction.[@b60-rru-8-061] Incision is generally performed in a modified H or double Y incision at the site of maximal curvature.[@b64-rru-8-061] Multiple grafting options have been evaluated including dermis, tunica vaginalis, saphenous vein, crura, buccal mucosa, fascia lata, Dacron, and Teflon.[@b65-rru-8-061],[@b66-rru-8-061] Most recently, two other options have become more popular, Tutoplast (Coloplast, Fredensborg, Denmark), which is processed by human and bovine pericardium, and small intestinal submucosa graft (Surgisis ES; Cook Urologic, Bloomington, IN, USA).[@b67-rru-8-061],[@b68-rru-8-061] Pericardial grafts have been shown to have low infection rates and no contraction, although a study has cited a curvature, recurrence rate up to 44%.[@b68-rru-8-061] Submucosal grafts have had good success; however, they have been linked with graft contraction in up to 25% and curvature recurrence between 37% and 75%.[@b68-rru-8-061],[@b69-rru-8-061] Another option was recently evaluated with grafting by collagen fleece after partial excision. Major advantages of the collagen fleece that have been cited are decreased operative time, easy application, and additional hemostatic nature of the graft. In this recent study, 61 evaluated patients are grafted, a mean operative time was 94.2 minutes (range: 65--165) with straight erection achieved in 83.6%.[@b70-rru-8-061]

Recovery and satisfaction rates for these procedures are good, with a number of studies showing a satisfaction rate of ∼75%--80% for both the small intestinal submucosa and the pericardial grafts.[@b60-rru-8-061],[@b67-rru-8-061],[@b68-rru-8-061],[@b71-rru-8-061]--[@b77-rru-8-061]

Penile prosthesis
-----------------

For those men who do not have adequate erections according to self-reporting during their initial evaluation or do not have an adequate erectile response during evaluation and duplex ultrasonography with injection, penile prosthesis should be the first-line therapy for the treatment of PD. Penile prosthesis placement may be accompanied by a variety of procedures to address the patient's curvature.

The first and often cited option for curvature \<30° is manual modeling performed at the time of the prosthesis placement. Pressure is applied contralateral to the curvature for 60--90 seconds, with the cylinders fully inflated. The pressure should be applied in a gradual manner to reduce the risk of injury.[@b44-rru-8-061] The cylinders are then even further inflated, and the curvature is reassessed, and if necessary, the modeling may be repeated to obtain the desired results.

If the degree of curvature after an attempt at modeling is still \>30° or the curvature is felt to be severe prior to the case, penile plication via the Nesbit or 16-dot plication procedure can be performed. Plication is most commonly performed with suture placement either prior to the procedure with the aid of saline infusion via a butterfly needle to determine erect curvature or after cylinder placement. Suture placement after cylinder placement generally requires brief removal of the cylinders to prevent injury of the prosthetic device.

Perito and Wilson in 2013 described the "scratch technique" through the incision of the plaque internally, passing a scalpel blade in a longitudinal fashion via the corporotomy made for the placement of the penile prosthetic. The passage of this scalpel leads to internal disruption of the plaque allowing stretching and disruption of the Peyronie's plaque. They have further supported the use of this technique in combination with penile modeling with the implant in place.[@b78-rru-8-061]

Additionally, external incisions of the corporal body, on the side of the curvature, effectively releasing the shortened tunica may also be performed. Before incising the area, Buck's fascia is elevated to preserve the neurovascular bundles. If the defect caused by the incision is \>2 cm, a graft should be placed over the corporal defect.[@b44-rru-8-061]

For very large plaques, extensive corporal involvement, plaque excision, and grafting with the placement of prosthesis are often necessary. Additional procedures such as the "sliding technique" were described first in 2012, wherein grafts are placed in a ventral and dorsal fashion after ventral and dorsal incisions to the tunica albuginea. In the first three described cases, the patients were able to regain up to 3.2 cm of length.[@b79-rru-8-061] Additional techniques such as circumferential tunical grafting at the time of prosthesis placement have been discussed. An early report from 2012 with follow-up from 23 patients showed an average improvement in penile length of 2.8 cm with 90% of the patients happy with the cosmetic and functional results of this surgery.[@b80-rru-8-061]

In those patients counseled to undergo surgery, an in-depth discussion regarding expectations is of utmost importance. Many procedures involved the loss of length and are not reversible.[@b53-rru-8-061] At presentation for PD, 70--80% of men state that they have already lost penile length.[@b52-rru-8-061] While the goal of surgical therapy is to produce a straight penis, the penultimate goal should be to produce a functional penis that allows the patient to resume normal sexual function.

Conclusion
==========

PD is common and likely underreported. The disease causes significant physical and psychological distress for patients. There are a wide variety of treatment options that have been used in the past. Recently, there are highly effective nonsurgical treatment options, which will likely increase patient and provider awareness as well as prevalence of the disease.
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###### 

Oral treatment of Peyronie's disease

  Medication            Mechanism of action                                          Data supporting                                                                                  AUA guidelines    Side effects
  --------------------- ------------------------------------------------------------ ------------------------------------------------------------------------------------------------ ----------------- ----------------------------------------------------------
  Pentoxifylline        Unknown, presumed collagen inhibition                        Two RCTs[a](#tfn1-rru-8-061){ref-type="table-fn"}, one observational study showing improvement   No comment        Gastrointestinal reflux
  Vitamin E             Antioxidant, inhibits collagen deposition                    Seven trials; three RCTs, observational studies with additional medications                      Not recommended   Mild, can affect other concurrent medications metabolism
  Potaba                Decrease tissue serotonin levels and scarring                One RCT                                                                                          No comment        Very expensive, frequent dosing, nausea, fever, rash
  Colchicine            Unknown, inhibits collagen synthesis                         One RCT which showed no effect, one with vitamin E                                               No comment        Nausea, gastrointestinal reflux
  Tamoxifen             Unknown, reduces fibrosis                                    Two observational, one RCT                                                                       Not recommended   Minimal
  Carnitine             Inhibits free radicals                                       Multiple observational, often with other medications                                             Not recommended   Minimal
  Coenzyme Q10          Antioxidant                                                  One RCT                                                                                          No comment        Minimal
  Procarbazine          Antineoplastic agent, inhibits protein, DNA, RNA synthesis   Observational                                                                                    Not recommended   Potentially severe side effects
  Omega-3 fatty acids   Inhibits inflammatory cytokines                              Limited observational                                                                            Not recommended   Minimal

**Note:**

2010 RCT[@b23-rru-8-061] recently retracted due to statistical concerns.

**Abbreviations:** RCT, randomized controlled trial; AUA, American Urological Association.

###### 

Intralesional injections

  Medication                  Mechanism of action                 Data supporting                                              AUA guidelines                 Side effects
  --------------------------- ----------------------------------- ------------------------------------------------------------ ------------------------------ --------------------------------------
  Intralesional interferon    Decrease fibroblast proliferation   One RCT (multi-institutional), eight observational studies   Recommended when appropriate   Flu-like symptoms, rash, hypotension
  Intralesional verapamil     Decrease collagen deposition        RCT, observational                                           Recommended when appropriate   Bruising, nausea, dizziness
  Intralesional collagenase   Cleavage of collagenase             Four RCTs; IMPRESS I, II, observational study                Recommended when appropriate   Hematoma, bruising, corporal rupture

**Abbreviation:** RCT, randomized controlled trial.
